A skin prick test (SPT) and food challenge test (OFC) are useful in identification of food sensitization and food allergy.
Introduction
Allergic disease, one of the most common non-communicable diseases, is a major health problem around the world. The prevalence of allergic diseases has increased worldwide over the last three decades. 1, 2 The atopic march starts with food allergies before turning to respiratory allergies. Allergen exposure causes sensitization and the development of allergy symptoms in allergy-prone children. 3 Common foods that cause sensitization in Thais are cow's milk, egg white, and seafood, followed by egg yolk, wheat, soy, and peanut. 4, 5 Allergen sensitization is demonstrated by the presence of a specific immunoglobulin E (sIgE) to allergens, which can be demonstrated in vivo by an allergen skin prick test (SPT) and in vitro by serum sIgE quantification. The SPT is an approved and validated tool for evaluating allergic sensitization in patients with atopic diseases. It is simple, accurate, safe, and less expensive than an sIgE measurement. 6 The incidence of adverse reactions related to SPTs is usually not more than 0.04%, 7 and the reactions are usually mild. No fatal cases related
Results
SPTs using food allergens were performed in 2,678 allergic patients. The SPTs were positive in 539 patients, and 111 OCTs were subsequently performed (Figure 1) . In OFC performing, 20 tests were done in the patients with positive SPT to tested foods and 91 tests were done in the patients with negative SPT to tested foods. OFC was positive in 6 tests (30%) with SPT positive to tested food and in 22 tests (24.2%) with negative SPT to tested food. The clinical characteristics of the participants are at Table 1 . Sixty-one percent of the participating individuals were male. The most common diagnoses were allergic rhinitis (77%) and asthma (16.9%). Of the allergic rhinitis severities, 56.8% were mild persistent, 21.2% mild intermittent, 18.6% moderate to severe intermittent, and 3.3% moderate to severe persistent. As to the asthma severities, 47.3% were mild persistent, 32.7% moderate persistent, 11.9% mild intermittent, and 8% severe persistent. Food allergy was diagnosed in 7.1% of the participants. The age distribution showed that 73.8% of patients were under 10 years of age, and 96.4% were under 15, with a mean of 7.2 years and a median of 6.5 years (0.1-29 years). Only 8 patients (0.3%) were ≥ 20 years of age. The mean ages of the participants with asthma and allergic rhinitis were 7.27 ± 4.07 and 7.37 ± 4.1 years, respectively, while the mean ages of those with food allergy and atopic dermatitis were 5.46 ± 4.23 and 6.46 ± 5.12 years, respectively.
In the allergic patients, the overall 5-year sensitization to food, as diagnosed by a positive food SPT, was 20%. The percentage of patients with an SPT positive to food in each of the years 2011-2015 was 21.8%, 19.1%, 16.8%, 21% and 24.2%, respectively. The foods that showed positive SPT results were crab (15.7%), shrimp (12.4%), egg white (9.3%), wheat (8.8%), peanut (6.5%), egg yolk (6.2%), cow's milk (5.7%), and soy (5.5%). The percentage of positive SPTs to food antigens in each year from 2011 to 2015 are at Figure 2 . Crab was the most
Methods
SPTs were performed on Thai patients who had been clinically diagnosed with an allergy and referred to the Pediatric Allergy Clinic, Siriraj Hospital, Mahidol University, Bangkok, Thailand, between 2011 and 2015. The study was approved by the Institutional Ethics Board Committee and registered with ClinicalTrials.gov (NCT03645629). The characteristics of the patients, comprising age, sex, age of onset, and severity of the allergic diseases, were reviewed. All of the study patients underwent an SPT with commercial extracts (ALK-Abello, New York, USA) of common food allergens in Thailand (egg white, egg yolk, cow's milk, soy, crab, oyster, and clam) and lyophilized local food extracts (shrimp and wheat). Excluded were patients who were pregnant, or who had acute asthma exacerbation, severe skin diseases, or chronic diseases (such as autoimmune disease, immune deficiency, and cancer). The use of antihistamines, systemic corticosteroids (≥ 20 mg/day), and topical corticosteroids was discontinued for at least 7 days before testing.
The severity of asthma was classified according to the Global Initiative for Asthma guidelines. 12 In addition, the severity of allergic rhinitis was classified according to the Allergic Rhinitis and its Impact on Asthma guidelines. 13 The skin tests were performed with single-use metal lancets (Vitrex steel, Vitrex Medical A/S, Herlev, Denmark) by trained health professionals. Histamine dihydrochloride (10 mg/ml) and a 50% glycerosaline solution were used as the positive and negative controls, respectively. As to the pricking method, the needle was passed through the drop of extract before pricking the epidermis. The results were recorded 10 minutes after the histamine skin test and 15 minutes after the food allergen SPT. The mean wheal diameter (MWD) of each extract was calculated by adding the longest diameter of the wheal and the perpendicular diameter, and dividing the resulting sum by two. The SPT result was defined as positive if the MWD was at least 3 mm larger than the MWD of the negative control.
Monosensitization to food was recorded if a patient had only one kind of food allergen sensitization, while polysensitization to food was recorded if a patient had more than one kind of food allergen sensitization. In the patients with positive SPT to at least one food, the OFCs were performed to the food with positive SPT and the food with negative SPT that the parents accepted to do. An OFC was performed in the hospital. Cow's milk Crab p = 0.636 p = 0.002 p = 0.000 p = 0.004 p = 0.026 p = 0.019 p = 0.073 p = 0.636 common food that the allergic patients were sensitized to, both in each year from 2011-2015 as well as overall during that five-year period, followed by shrimp, egg white, wheat, and peanut. At the age of ≤ 1 year, the most common sensitized food was egg white (23.8% of the total positive SPTs to food), followed by wheat (22.2%), egg yolk (12.7%), cow's milk (6.3%), and soy (6.3%). At the age of > 10 years, the most common sensitized A comparison of the sensitivities, specificities, accuracies, test prevalence, likelihood ratios (LR) +, and LR-of the SPT results to the OFCs as the gold standard is at Table 3. The results indicated that SPT to food (cow's milk, egg white, egg yolk, soy, wheat, and shrimp) had high specificity (71%-100%) but low sensitivity (0%-40%). The LR+ and LR-showed that an SPT was not an accurate investigative tool for the diagnosis of food allergy, compared to an OFC. The SPT MWDs of participants with a positive OFC to egg white, cow's milk, and wheat were larger than those with a negative OFC (3.75 vs. 0.72 mm, 0.89 vs. 0.50 mm, and 3.20 vs. 1.12 mm, respectively). However, the differences were not statistically significant (p = 0.49-0.80).
In the case of the 452 asthmatic patients, the most common foods with a positive SPT were crab (18.6%) and shrimp (15.7%), followed by egg white (9.7%), soy (6.9%), peanut (6.9%), egg yolk (6.4%), wheat (5.3%), and cow's milk (4.4%). OFC was performed in 11 asthmatic patients, which resulted in 9.1% positivity. As to the 2,062 allergic rhinitis patients, the most common foods with a positive SPT were crab (15.8%) and shrimp (12.7%), followed by egg white (8.7%), wheat (8.7%), peanut (6.2%), egg yolk (5.9%), cow's milk (5.7%), and soy (5.1%). OFC was performed in 35 allergic rhinitis patients and was positive in 28.6%. In the patients with allergic rhinitis alone without other allergy, OFC to food was positive in 42.8% (6/14) . The most common foods with a positive SPT in 122 atopic dermatitis patients were crab (17.3%), egg white (15.6%), shrimp (13.1%), peanut (13.1%), and wheat (10.7%), followed by soy (9.0%), cow's milk (7.4%), and egg yolk (7.4%). OFC was performed in 23 atopic dermatitis patients and showed 13.0% positivity. In the case of the 190 food allergy patients, the most common foods with a positive SPT were crab (25.8%), egg white (18.4%), egg yolk (14.2%), wheat (14.2%), shrimp (13.2%), and peanut (12.7%), followed by cow's milk (7.9%), and soy (5.3%). OFC was performed in 76 food allergy patients and was positive in 26.3% of the patients. The most common causative food of food allergy (positive OFC) in respiratory allergic patients were wheat and cow milk followed by egg yolk and crab. In the patients diagnosed as having food allergy, the most common causative food of food allergy were cow milk and egg white followed by egg yolk and wheat.
The trend of food sensitivity in allergic patients from 2011 to 2015 is illustrated at Figure 3 . The percentage of sensitization to egg white, egg yolk, wheat, soy, and peanut significantly increased (p < 0.05).
Discussion
From this study, SPTs using food allergens were positive in 20% of the participating allergic Thai patients. Crab and shrimp showed SPT positivity in more than 10% of the SPTs that were undertaken. The reason why seafood was commonly sensitized in this study might be the availability of, and local preference for, seafood in Thailand. This study included patients aged 0.1-29 years, with a median age of 6.5 years. Most of the participants (73.8%) were below 10 years of age. At the age ≤ 1 year, the most common sensitized foods were egg white, wheat, and egg yolk, while at the age > 10 years, the most common sensitized food was shrimp. Between 1 and 10 years of age, the most common sensitized foods were crab, egg white, shrimp, and wheat. The prevalence of seafood sensitization increased when the participant's age increased.
There is an accordance between our study and a recent study from Japan, in that both showed that the most common food to cause food allergy varied with age. From the Japanese study, at the age of < 1 year, the most common food was hen egg, followed by cow's milk and wheat. Children who were one year old were most commonly sensitized to hen egg, followed by fish roe and cow's milk. At 2-3 years of age, the most common food to cause sensitization changed to fish roe, followed by hen egg and peanut. At 4-6 years of age, fruit was the most common atopy-inducing food, followed by hen egg and peanut. At 7-19 years of age, the most common food to cause sensitization was crustacean, followed by fruit and hen egg. After 20 years of age, the most common food to induce atopy was wheat, followed by fish and crustacean. 14 Two previous studies showed that children outgrow egg and milk allergies by the age of 6 in approximately 50% of cases. [15] [16] The outgrowth of an allergy to some food might explain why the overall, most common sensitized food in our study was seafood since seafood is not commonly outgrown in childhood. A fish or shellfish allergy was reported for 2.3% of the general population, or approximately 6.6 million Americans, 17 and it was more common among adults than children (2.8% vs 0.6%; p < 0.001). 17 This study demonstrated that the prevalence of polysensitization was more common than monosensitization, with a ratio of 2:1 (64.2% vs. 35.8%). This is supported by previous studies in children that reported that polysensitization was more common than monosensitization for both food and aeroallergens. [18] [19] [20] The total percentages of sensitization to food among the patients with asthma, allergic rhinitis, atopic dermatitis, or food allergy were not significantly different. The difference was the kinds of sensitized food. In individuals with asthma and/ or allergic rhinitis, the most commonly sensitized foods were seafood (crab and shrimp). In patients with atopic dermatitis, the most commonly sensitized foods were crab, egg white, shrimp, and peanut. By comparison, food allergy patients were most commonly sensitized to crab, egg white, egg yolk, wheat, shrimp, and peanut. This finding might be explained by the difference in the distribution of the age groups for each disease. Patients with atopic dermatitis and food allergy were younger than those with asthma and allergic rhinitis. The frequency of food sensitization among asthmatic children has been reported to be higher than in the general population. 21 In the case of asthmatic patients, positive specific IgE antibodies (> 0.35 kU/L) to at least one of six allergenic foods (egg, milk, soy, peanut, wheat, and fish) were found in 45% of the studied individuals. 21 Another study showed that symptomatic sensitization to food was associated with asthma both in children < 6 and > 6 years of age, especially in children with an allergy to more than two types of food or with severe food allergies. 22 The study showed that only 111 OFCs were performed in 539 positive food SPT patients. The reason why the patients/ parents did not allow the performance of an OFC was either awareness of the potentially severe allergic reactions, or some of the patients could already take the sensitized food without displaying any reactive symptoms. OFC positivity was found in 26.1% of the overall OFCs, and the most common food that was positive was crab (60% of the crab OFCs). A previous study in Thai children aged 4 months to 17 years showed 27.5% positive OFCs, with shrimp being the most common OFC positive food (40%). 23 A study in Japan established that in infants < 1 year of age, the most common positive OFC was hen egg (62.1%), followed by cow's milk (20.1%) and wheat (7.1%). At 2 years of age, fish, peanut, and crustacean were added to the list of most common allergy-induced foods, and at the age of over 7 years, crustacean was the most common cause of food allergy (16%), followed by hen egg (15.2%). 24 In this study food allergy was diagnosed in 9.1% of OFC performed in the patients with asthma, 28.6% of the patients with allergic rhinitis and 26.3% in the patients previous diagnosis as having food allergy.
When comparing the SPT results to those of the OFCs (as the gold standard), SPT to food had high specificity (71%-100%) but low sensitivity (0%-40%). The LR+ and LR-data showed that SPT was not an accurate investigative tool for the diagnosis of food allergy. This result substantiated that OFC remains the only definitive method for the confirmation of food allergy. 25 In this study, the MWDs of the SPTs in those with a positive OFC to egg white, cow's milk, and wheat were larger than the MWDs of the SPTs in those with a negative OFC, but the difference was not significant. A previous study showed that for all age groups, the value of 5 mm for an SPT was found to be significant with a 96.4% positive predictive value (PPV) and 97.8% specificity. 26 Another study performed in 5,276 infants showed SPT thresholds with 95% PPVs for food allergy were 8 mm or greater for peanut (95% CI, 7-9 mm), 4 mm or greater for egg (95% CI, 3-5 mm), and 8 mm or greater for sesame (95% CI, 5-9 mm). 27 A further study showed the predictive decision point for an egg white wheal was 9.5 mm, for a milk wheal was 9.5 mm, and for a wheat wheal was 6.5 mm, but their highest accuracy rates were low at 25.8%, 26.8%, and 34.4%, respectively. 28 This study identified that the percentage of sensitization to egg white, egg yolk, wheat, soy, and peanut significantly increased (p < 0.05) in allergic patients from 2011-2015. A previous study also showed an increase in food allergy, especially among severe cases with anaphylaxis. 29 Though there were a considerable number of participants in our study, the number of patients in some age groups were insufficient, and an OFC was not done in all cases of a positive SPT. A distinctive feature of this study was the utilization of local food extracts; these had been previously validated and found to be better than commercial food allergen extracts and comparable with fresh food. [10] [11] In children aged from 2 months to 6 years, fresh food SPTs showed excellent sensitivity (50%-100%) and a significant correlation with an open OFC (p < 0.001). 30 Another strong point of this study was the performance of an OFC to confirm food allergy.
This study showed that food sensitization and food allergy in Thai allergic patients was quite common. The sensitization to some foods increased. It also affirmed that food allergy should confirmed by OFC. The SPT to food extracts showed high specificity compared with an OFC for the diagnosis of food allergy.
Conclusion
The SPTs to food allergens were positive in 20% of allergic Thai patients. With patients aged ≤ 1 year, the most common sensitized foods were egg white and wheat, but for patients aged >10 years, it was shrimp. The sensitization to egg white, egg yolk, wheat, soy, and peanut significantly increased from 2011 to 2015. Food allergy (positive OFC) in patient with allergic rhinitis was as common as food allergy in patient with clinical diagnosis as having food allergy.
